to mutation is a key mechanism of NNK-induced lung The biological activities of theaflavin (TF), theaflavin gallate tumorigenesis (9-11). However, the mechanism of inhibition (TFG) and theaflavin digallate (TFdiG) from black tea and of lung cell proliferation and tumorigenesis by tea is (-)-epigallocatechin 3-gallate (EGCG) and (-)-epigallocatenot known. chin (EGC) from green tea were investigated using SV40-Studies on cell lines by us and others have demonstrated immortalized (33BES) and Ha-ras gene transformed the growth inhibitory activities of different tea and tea (21BES) human bronchial epithelial cell lines. . Tea polyphenol-induced inhibition and cell viability were measured by trypan blue cell cycle arrest and cell apoptosis are the proposed dye exclusion assay following 24 h treatment with the tea mechanisms for inhibition of cancer cell growth (12-14).
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polyphenols. TFdiG, EGC and EGCG displayed compar-
We have found that (-)-epigallocatechin 3-gallate (EGCG) able inhibitory effects on the growth of 21BES cells, with can trigger H 2 O 2 production and H 2 O 2 production may estimated IC 50 values of 22-24 µM. TFG exhibited a lower induce apoptosis and contribute to growth inhibition in the inhibitory activity (IC 50 37 µM) and TF was even less human lung cancer cell line H661 (12). EGCG and effective (IC 50 47 µM) in this cell line. A similar effect was theaflavins (a mixture of theaflavin and its gallate derivatives) also observed in 33BES cells. These results suggest that have been shown to inhibit 12-O-tetradecanoylphorbol 13-the gallate structure of theaflavins is important for growth acetate (TPA)-and epidermal growth factor-induced mouse inhibition. Exposure of 21BES cells to 25 µM TFdiG, EGC JB6 cell transformation; such effects are associated with and EGCG for 24 h led to induction of cell apoptosis/death inhibition of AP-1 activity (15). A recent study showed that as determined by the Annexin V apoptosis assay. With EGCG inhibited the growth of SV40-immortalized human TFdiG treatment cell death occurred early, and quickly fibroblasts, but not normal fibroblasts (16 In brief, 10 µl of Annexin V-FITC (1 µg/ml) and 10 µl of propidium iodide (2.5 µg/ml) were added to the cell suspension for 5-15 min in the dark. The cells were then analyzed under a fluorescence microscope using a dual filter set for FITC and rhodamine. The cells which showed green staining only (early stage) or both green and red staining (middle or late stage) were counted as apoptotic cells. The apoptosis index was calculated as percent apoptotic cells in the total number of cells counted using a hemotacytometer. 
Growth inhibitory effects of theaflavins and catechins in transformed and non-transformed human bronchial cell lines Materials and methods
The inhibitory activities of TF, TFG and TFdiG were dose dependent ( Figure 2A ). TFdiG displayed the strongest values of 25 µM for TFdiG and EGCG ( Figure 2B ).
SV40-immortalized non-transformed (33BES) and Ha-ras gene transformed
In order to determine whether this growth inhibition was due (21BES) human bronchial epithelial cell lines were obtained from the American to a cytostatic or cytotoxic effect, cell viability was measured.
Type Culture Collection (ATCC, Rockville, MD). These cell lines were maintained in LHC-9 medium (Biofluids, Rockville, MD).
The viability of 21BES cells was not significantly affected by TFdiG up to a concentration of 30 µM or by TF and TFG up to 
Time course of tea polyphenol-induced cell apoptosis and death
Growth inhibition by polyphenols is expressed as a percentage of the control Previous studies in our laboratory showed that EGCG-induced cell apoptosis may be mediated by H 2 O 2 production. To further To test the hypothesis that tea polyphenol-induced H 2 O 2 production may mediate cell apoptosis, the effect of catalase was investigated. When catalase (50 U/ml) was added to the culture medium 5 min before 25 µM EGCG or EGC, the percentage of 21BES cells undergoing apoptosis decreased from 8.9 to 5.3% and from 9.8 to 5.9%, respectively. In contrast, catalase did not prevent TFdiG-induced cell death in 21BES cells treated with 10 and 20 µM TFdiG ( Figure  7C and D) . The levels of c-jun and phosphorylated c-jun proteins were decreased to 83 and 43% of control level with 10 µM TFdiG treatment and 39 and 25% of control level with 20 µM TFdiG.
Discussion
Theaflavins, a group of characteristic polyphenol compounds in black tea, are responsible for the characteristic reddish color and stringency of black tea (17). The present results demonstrate that TFdiG, EGCG, and EGC possess strong growth inhibitory activity against human bronchial epithelial 33BES and 21BES cell lines. The transformed cells showed similar susceptibility to these tea polyphenols to the immortalized cells. TFG exhibited a lower inhibitory activity EGCG and EGC. In general, the galloyl structure on the B ring of catechins are important in metal chelation, antioxidant and the level of H 2 O 2 was markedly decreased by the presence activity and binding to cellular molecules (18-20). The of catalase (50 U/ml) ( Figure 6 ). mechanism of biological action of these compounds needs to Effects of EGCG and TFdiG on c-jun protein expression and be further investigated. phosphorylation
In order to detect an early stage of apoptosis or cell injury and examine the time course of apoptosis, the Annexin V To investigate whether EGCG and TFdiG affect AP-1 activity apoptosis assay was utilized. In the progression of apoptosis (an important transcription factor associated with cell growth the externalization of phosphatidylserine from the interior and apoptosis) in our experimental system, the levels of face of the cell membrane to the exterior surface is an early c-jun and phosphorylated c-jun protein were analyzed by event (21). The probe Annexin V-FITC can specifically Western blot. The level of c-jun protein in 21BES cells was bind to the externalized phosphatidylserine, which can be increased to 200, 223 and 262% of the control level following analyzed by fluorescence microscopy. EGCG, EGC and TFdiG 24 h treatment with 10, 30 and 50 µM EGCG, respectively displayed different time courses for induction of cell death in ( Figure 7A ). However, phosphorylated c-jun was decreased to 21BES cells. After treatment with EGCG or EGC there was 90, 40 and 37% of the control level, respectively ( Figure 7B ). Both c-jun and phosphorylated c-jun levels were suppressed a lag phase before apoptosis began to increase rapidly from production and trigger the expression of redox-related genes
